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PART I 
LONG RANGE COUPLING CONSTANTS 
CONFORMATIONAL ANALYSIS OF l_TERTIARYBUTYL-l,4-DIHYDRONAPHTHALENE 
2 
ABSTRACT 
Su-Jen Huang February 1977 
Directed by: Norman L. Holy 
Department of Chemistry Western Kentucky university 
The cyclohexadiene portion of I-tertiar ybutyl-l,4-
dihydronaphthalene exists in a puckered rather than planar 
conformati on at room tempe rature, with approximately equal 
populations of the isomer with the t-butyl group "axial" 
" and "equatorial. Analysis of chemical shifts and coupling 
constants was aided by use of a LAOCOON III program. 
1. INTRODUCTION 
In solvents like tetrahydrofuran (THF) , naphthalene 
is readily reduced by alkali metals. l 
Na -T-HF~) ( 0 • • . ~ 
C H 
10 8 
Several different kinds of products arise in reactions 
of alkyl halides with naphr.halene radical anion. Alkylation 
results mostly in alkyl- and dialkyldihydronaphthalenes. 2- 5 
Monoa lkylation 
R H 
R-X + 2 0 I + 
• 
Dialkylation 
R H 
2 R- X + 2 o + 00 
• 
R H 
3 
+ X 
+ 2X 
The stereochemistry of these derivatives has not been 
elucidated . It was the objective of our research to 
elucidate these structures . 
4 
To approach a stereochemical a nalysis of the problem, 
previously determined structures of mode l compounds were 
considered. These compounds include other naphthalene and 
anthrace ne compounds which are more easily analyzed. The 
conformation of l , 4-dihydro-l-naphthoic acid (see I and II) 
has been analy zed. It was based principally upon NMR analysis . 
Following is a table for the data of NMR spectrum. 6 
I 
Hooe 
II 
5 
Table 1 
NMR Parameters For l,4-Dihydro-l-Naphthoic Acid 
p roton chemical shift, S J l'.B 
A B Hz 
1 4.55 
2 6.07 
3 6.25 1 2 
4 . 59 
4 3.47 1 3 
-1.22 
4' 3.63 1 4 3.93 
1 4' 3.93 
2 3 9.62 
2 4 -1. 24 
2 4' -2.97 
3 4 4.60 
3 4 ' 2.44 
4 4 ' -21. 92 
These final values were obtained by using the interative 
subroutine of the Laocoon III nmr computer program to obtain 
the best fit of the data. 7 The rms error was 0.07 Hz. 
J 3 ,4' was reported as 2.44 Hz. If the dihydro ring 
o f I were a true boat, the dihedral angle involving H3 and 
H4' would be near 90 and J 3 , 4' should be much less than 
the observed value of 2 .44 Hz. The observed value of J 2 ,4 
6 
is -1.24, J 2 , 4' is -2.97. These allylic coupling constants 
allow calculation of the dihedral angle involving H2 and H4 
and demonstrate that it is much larger than 0. 8 The observed 
value of J4,4' is -21.92 which is large for a highly puckered 
syste m,9 and is much more consi s tent with a nearly pla nar 
ring. Thus, it appears that the conformation ~ f II is a 
"flattened boat" in which the dihydro ring is only slightly 
puckered. 
The stereochemistry of a lkylation of 9-alkyl-IO-lithio 
-9,lO-dihydroanthrace ne by alkyl halides is also s hown to be 
primarily dependent upon the steric requirements of the alkyl 
groups , with large groups in either reactant favoring trans 
s t ereoselectivity .lO The steric a ssignments are base d prin-
c i pally upon NMR anal sis including measurement of nuclear 
overhauser enhancement and homoallylic coupling constants. 
The latter techniques demonstrate existence of the 9,10-
dialkyl-9 , lO-dihydroanthracene ring system in a flattened 
boat structure with bulky groups such as tert-butyl and 
isopropyl preferentially occupying the pseudo-axial position. 
(see structure III). The JAB (JIO,lO') is less than observed 
for naphthalene and is indication that the ring is more puckered . 
7 
R 
III 
Following is a tablell of chemical shifts and coupling 
constants of different alkyl groups of 9-alkyl-9.l0-dihydro-
anthracenes ( R Hll ) • 
8 
Table 2 
Proton Parameters for 9-Alkyl- 9 , 10-Dihydroanthracenes in CS2 Solutionsa 
R S CH 3 O CH ~ A d B 
CH 3 1.16 3.98 
CH 3CH 2 0.78 1. 50 3.96 
(CH 3 ) 2CH 0 . 79 1. 77 4 . 03 
(CH 3 ) 3C 0 . 83 4 . 11 
C6H5 3 . 88 
1,4 , 9-(CH ) 
3 3 
1. 32 3 . 7 5 
a 
b 
parts per million from TMS; J in hertz • 
• at -37 • 
3.73 
3.67 
3 . 67 
3.65 
3. 70 
3 . 87 
OM JAB JAM 
3 . 90 18 . 10 1. 00 
3.67 18.35 1.10 
3.49 1 8 . 30 1.10 
3 . 57 18 . 80 1. 30 
5 . 04 18.10 1. 20 
(1. 15) b 
4.12 8 . 80 0.95 
JBM 
0. 70 
0.45 
0.40 
0 . 40 
1. 20 
(1. 05)b 
0.60 
9 
2 . Experimental Materials and Methods 
General procedure : 
Alkyl halide was added via addition funnel to a stirred, 
dry tetrahydrofuran (THF) solution containing 0.2 N of sodium 
naphthalenide under dry nitrogen. This reaction occurs pre-
dominantly by electron transfer to yield alkyl free radicals. 
Complete reaction of naphthalenide was ensured by continuing 
the addition of alkyl halide solution until its dark green color 
12-16 disappeared ~n the reaction vessel. Reactions were 
carried out at both ambient temperature and with the v e ssel 
containing the naphthalenide solution immersed in a acetone-
ice water bath . No significant temperature effects were dis-
cerned . The products were analyzed by column chromatography 
with alumina gel (50 g. of alumina / per g. of sample). 
Pentane was used as e~uent. Additional char acterization was 
obtained by nmr . 
Following is a table for reactions of alkyl halide with 
naphthalene and sodium in tetrahydrofuran. 
------------------------------........ 
10 
Table 3 
Reactions of Alkyl Halide with Naphthalene and Sodium in Tetrahydro fur a n 
Naph t halen e Sodium RX 
Yield 
crude product p u re p r oduct 
269 . (0.2 N) 4 . 69· (0 . 2 N) 56.8g. (0 . 4 N) 25.6g. 
CH31 
269. (0.2 N) 4.69 · (0.2 II) 32. 19 . (0 .2 N) 24. 8g . 
C2H51 
26g. (0 . 2 1'1 ) 4.6g . (0.2 N) 49.2g. (0 . 4 N) 26. 34g . 
5. 92g. 
(CH3) 2CHBr 
13g . (0.1 N) 2.3g. (O.lN) 13.7g. (O .l N) 1 2 . 7g . 
n - Ilu-Br 
26g . (0 . 2 N) 4 . 6g. (0.2 N) 38.0g. (0. 4 N) 28. 5g. 
6 . 24g. 
t - Bu- Cl 
52g. (0 . 4N) 9 . 2g . (0. 4N) 76 .0g. (0 .8 N) 58 . 4g. 
14 . 72g . 
t - Bu- c 1 
'" 
11 
For determining chemical shifts and coupling constants 
of l-t-butyl-l,4-dihydronaphthalene, deuterium exchange and 
reaction with acetone were performed . 
H tBu 
0 ( 1) nBuLi ) 0 repeat ) 
(2 ) O2° H H H 0 0 0 
(THF as solvent) 
H H :~: n~i ) 
(THF as solvent) 
nBuLi, 24.60 ml,was added to 6.94 g. (0.0373 moles) of 
1-t-butyl-l ,4-dihydronaphthalene in 50 mI . tetrahydrofuran. 
Then excess O2° was put in . This mixture was neutralized 
first with 10% Hel, then extracted with ether, dried over 
magnesium sulfate and evaporated. 
Using acetone instead of deuterium oxide and runn1ng 
the s ame procedure, one obtains the results shown in table 
4 and 5. 
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Table 4 
Reactions of 1-t-Butyl-l,4-Dihydronaphthalene with nBuLi and D20 in THF 
H tBu 
l! H 
(1) 6 . 9 4g. 
(2) 7. 7 5g . 
(3) O. 2 4g • 
nBuLi 
24.60 rnl. 
27 .50 rnl. 
2.0 rnl. 
D20 
3.50 g. 
6.75 g. 
0.51 g. 
H D 
6.81 g. 
7.71 g. 
0.21 g. 
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Table 5 
Reactions of l-t-Butyl-l,4-Dihydronaphthalene with nBuLi and Acetone in THF 
H H nBuLi Acetone H 
(] ) 5.8 g. 18.71 m1. 1. 8 g . 6.04 g. 
(2 ) 5.6 g. 28. 7 5 m1. 3.63 g. 6.10 g. 
(3 ) 7.2 g. 30 .50 m1. 5.00 g. 7.42 g . 
(4 ) 7.9 g. 32 .00 m1. 10.00 g. 8.36 g. 
, only a small amount of the dark brown liquid 
H • 
14 
computer program had bee n performed : 
LAOCOON III 
NN = 5 fre quency range 
minimum intensit~ 
wid th 
Input parameters . • 
Case I . Axia1-t-Buty1 . 
W (1) - 140.000 
W (2) - 383.000 
W (3) - 3 62.000 
W (4) = 156.000 
W (5) - 185.000 
A (1,2) = 5 .000 
A(1,3) =-0.800 
A(1,4) = 0.800 
A(1,5) - 3.000 
A(2,3) - 9.600 
A (2,4) =-0.800 
A(2, 5) =-3.200 
A(3,4) = 5.000 
A(3,5) = 2.000 
A(4,5) =-19.000 
110.000 
0.0 
0.500 
Case II 
W (1) = 
W (2) -
W (3) -
W (4) -
~1 (5) -
A(1, 2 ) 
A(1,3) 
A(1,4) 
A(1,5) 
A(2,3) 
A(2,4) 
A(2,5) 
A(3,4 ) 
A(3,5) 
A(4,5) 
410.000 
. Equatori a1-t-Buty1 . 
143.000 
386.000 
362.000 
146.000 
166.000 
-
2.400 
=-2.800 
- 1. 000 
- 6.000 
= 9.600 
=-1.200 
=-3.000 
-
4.600 
- 2.400 
=-20.000 
15 
W(l), \,,(2) , ~1(3), \V(4) , <>nd W(5) are chemical shifts; 
A(1 , 2), A(1,3), A(1,4) , A(1,5), A(2 ,3), A(2,4), A(2,5), A(3,4) , 
A(3 ,5), and A(4,5) a re coupling constants for 
d): 
5 4 Proton 4 is equatorial and proton 5 is axial. 
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3. Results and Discussion 
On Line Computer Printing of NMR Spectra is thought to be 
the best way to dete rmine the stereochemistry of l-t-butyl- l,4-
dihydronaphthalene . Input coupling constants were used to 
determine the conformation of a molecule. 
Both planar and puckered conformations of l-t-butyl-l,4-
dihydronaphthalene were considered individually . Output spectra 
gave the best fit for the puckered conformation. Geminal 
coupling constants and vicinal coupling constants gave some in-
formation about H-C-H angle and dihedral angle. 
Gas chromatography showed only one peak for l-t- butyl-
1,4-rl ihydronaphthalene. Thin layer chromatography also showed 
one spot for I-t-butyl-l , 4-dihydronaphthalene . Signals of 
pmr spectrum of this product, however, showed both axial and 
equatorial isomers were possibly formed in almost equal amounts. 
When the spectrum consists of a composite of two iso-
mers it is difficult to determine chemical shifts and coup-
ling constants for each isomer. If it is considered that 
there are two isomers of l-t-butyl-l,4-dihydronaphthalene, 
then there are a total of 30 parameters to dete~mine . The 
17 
LAOCOON III program is not written to make such an analy-
sis, and certainly the existence of two isomers were not 
anticipated at the beginning of the project. When only 
one isomer is present, it is possible to per form an i tera-
tive function on rough parameters and thereby obtain accu-
rate values for the chemical shifts and coupling constants . 
Because o f the presence of tlW isomers, it was no t possible 
to perform an iterative function. Therefore, the thrust of 
the computed spectra, in view of the fact that the operator 
became the "iterative program ," was to approximate the ob-
served spectrum without necessarily obtaining exact constants. 
The first stage in solving the problem, then, was to determin e 
the qeneral shape of the two isomers by varying several para-
meters from one computer run to another. After the approximate 
stereochemistries are k nown then it wi ll be possible to vary 
one parameter at a time and more precisely determine the 
parameters . Equations are not entirely satisfactory 1n 
predicting the input parameters. Barfield and Sternhell have 
performed a theoretical s t udy of the conformational dependence 
of long-range H- li coupling over four s ingle bonds and one 
double bond (homoallylic coupling) using the INDO approximation 
and have calculated that the maximum 5J can be sl i ghtly above 
6 HZ .l7 Howeve r, examples are known where the coupling is known 
to be as large as 9 .6 Hz. l8- l9 There are many di ff iculties in 
making predictive assignments of coupling constants , and the 
major shortcoming with the approach by Barfield and Sternhell 
is that the system us~d as a model is too simple to be of much 
help for naphthalene derivatives. Their model was of an 
olefinic system20 whereas the naphthalene ~Qlecule has both 
olefinic and aryl coupling routes; olefinic systems are 
better than aryl in transmitting coupling and no techni que 
has been advanced to interpret this phenomenon. 
18 
The parameters chosen for the pseudoaxial and pseudo-
equatorial reflect either a flatteni n g or a puckering of the 
"cyclohexadiene" ring. Analysis of both isomers began using 
coupling constants from Marshalls naphthoic acid and then the 
ring was alternately flattened or puckered to determine which 
geometry resulted in a better match with the observed spectrum. 
One result is that the "axial" isomer appears to be more puckered 
than naphthoic acid and the "equatorial" isomer appears to be 
virtually flat. A relatively flat ring for the equatori al 
isomer lessens interaction with the peri hydrogen too a greater 
extend tha n for a more puckered arrangement. Increased pucker-
ing in the axial isomer suggests that the peri hydrogen-t-
butyl interaction in the geometry of naphthoic acid is greater 
and that t h e energy minimum is reached by additional puckering. 
19 
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PART II 
A TURNOVER FROM SRNI TO SNI MECHANISM 
ABSTRACT 
Su-Jen Huang February 1977 
Directed by: Norman L. Holy 
Depa rtment of Chemistry Western Kentucky University 
Ary l halides a re considered to undergo nucleophilic 
substitution i f the aromatic ring contains, in addition to 
halogen, certain other properly placed groups: electron 
:lithdrawing groups like -N02 , - NO, or -CN, located o rtho 
or para to halogen. 
22 
In v iew of the l ow reduction potentials of these g roups 
and t he demonstrated ability of n i troaromatics to accept an 
electron, it was thought that at least a portion of the substi-
tution product might a rise via electron transfer. This re-
search, the n, was to evaluate the possibility . 
1. INTRODUCTION 
Aryl halide s are considered to undergo nucleophilic 
substitution if the aromatic ring conta ins, in addition to 
halogen, certain other properly placed electron-withdrawing 
groups such as -N02 , -NO, or -CN, l ocated ortho or para to 
halogen (equation 1) . 
X Sph 
+ : N O~ o (:Sph) 
23 
In view of the low reduction potentials of these groups 
and the demonstrated ability of nitroaromatics to accept an 
electron,l,2 it was thought that at least a portion of the 
substitution product might arise via electron transfer. This 
was originally postulated by Kornblum, Urry , and Kerber. 3 
The t a sk, thep , was to evaluate this possibility. 
The facile nature of non-photolytic electron transfer 
into nitroaromatic systems was investigated primarily by 
Kornblum and Russell. 4- 8 Considering the nitrocumyl system, 
the mechanism of substitution was described by Kornblum and 
associates by equation 2. 
(1) 
24 
CH3 I 
CH3 
I 
CH 3 I 
CH 3 I 
CH -C-CI 3 Cli -C-CI 3 CH -C, 3 CH3 -C-Sph 
0 •• 0 0 •• 0 + :Sph- DMF ) . - .Sph .. ) .. ) 
°2 
11°2 N02 N02 N02 
Support for this mechanism was obtained from kinetics, 
esr, and trapping experiments. One of the trapping techniques 
involved performing the reactions in a n oxygen envir onment, 
an experiment known to trap radicals and eventuate in alcoho-
lic derivatives . 2-nitro- 2-propyl anion has been found to 
convert to acetone and nitrite ion by a free-radical chain 
oxidation with the absorption of 0.5 mol of oxygen I mol of 
anion. 4 ,9 
Scheme I : 
R- + RCI ~ R' + RCI -
RCI'- ~ R' + CI-
R' + 02 4ROO' 
ROO.+ R- ~ ROO:- + R. 
ROO:-+ R-~ 2 RO:-
RO: 
R = 2-nitro-2-propyl 
(3 ) 
(4 ) 
(S) 
(6 ) 
(7 ) 
( B) 
The dependency of radical anion mechanisms upon the 
presence of a nitro group is no longe r necessary. Bunnett 
and co-workers have found that aryl iOdides I C,11 react via 
a radi cal anion mechanism. A hypothetical mechanism of the 
( 2 ) 
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reaction of aryl iodides with KNH2 in NH3 is sketched in scheme 
II. 
Scheme II . . 
electron llonor + ArI 
-7 ArI' + residue 
ArI.----1 Ar ' + I 
Ar. + NH -2 -7 ArNH2'-
ArNH2• + ArI -1 ArNH2 + ArI'-
termination steps 
"Ar" stands for the 5- or 6-pseudocumyl moiety. 
(9 ) 
( 10) 
(11 ) 
( 12) 
(13 ) 
The initiation step ~s electron transfer from an electron 
donor species to the aryl iodide, to from a t ransient radical 
anion which quickly undergoes scission of the C-I bond so as 
to generate a n aryl radical and iodide ion . The aryl radical 
the n (step 11) combines with nucleophile to form an arylarnine 
radical anion which then quickly transfers an electron (step 12) 
to the aryl i odide so as to ~egenerate the aryl radical. Steps 
10 , 11 and 12 constitute a cycle, and are precedented. 12 ,13 
Reactions of aryl iodides with arenethiolate ions in liquid 
ammonia under irradiation by Pyrex-filtered light to form di-
aryl sulfides in good yields probably occurs by the same type 
mechanism as scheme I. 14 This is sketched in scheme III. 
Scheme III . . 
Ar'S + ArI hY 7 Ar'S· + Arr- (14) 
ArI'- 1 Ar· + I (15) 
Ar' + Ar'S ) )\13Ar' • - (1 6) 
ArSAr f . - ArI 
--1 ArSAr'+ Arl o - ( 17) + 
termination steps ( 18) 
Photons proba.bly stimulate electron transfer from 
thiolate ion to aryl iodide (equation 14) , and thus are 
involved in initiation f a chain mechanism. 
The mechanism of scheme III resembles the electron 
transfer radical mechanisms for nucleophilic substitution 
at saturated carbon as scheme I proposed by Kornblum, 
Russell, and their associates. These mechanisms shown 
in scheme I and scheme III were designed as "SRNI" standing 
for substitution , radical nucleophilic, unimolecular. by 
Bunnett in 1970. 10 
Radical trapping was demonstrated in the 5- and 6-
halopseudocumenes through the addition of trapping agents 
(table 1) .10 
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Table 1 
Reactions of 5- and 6-Halopseudocumenes with Potassium Amide in Liquid a * Amonia ' 
Substrateb (KNH2)0 Added substance Product yields.% Ratio 
M M x- 4 5 6 6:5 
la 0.30 94 0.1 36 53 1. 46 
2a 0.30 95 0.1 36 52 1. 45 
Ib 0 . 25 98 0.4 33 51 1. 55 
0.44 c 93 0.3 35 53 1.41 
O.44c 0.008d 96 0.3 35 53 1. 46 
2b 0.13 96 0.3 39 56 1.45 
lc 0. 29 94 6 51 32 0.63 
0.46 c 
0.008d 
92 5 38 46 1.21 
0.45c 98 9 34 47 1.41 
0.30 0.038~ 97 3 40 46 1.16 
0.30 0.013 f 
95 7 35 45 1.23 
0.29 0.025 98 5 32 30 0.94 
0.15g 93 5 45 38 0.86 
2c 0.29 95 10 11 65 5.9 
0.44 c 91 6 23 55 2.4 
0.45c 0. 012d 91 6 27 55 2.0 
0.30 0.002e 95 11 16 64 4.1 
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aReactions at reflux; KNH2 formation catalyzed by 
Fe(N03)3 . 9H20; 4,5, and 6 determined by glpc. bCe. 0.02 M. 
cSolvent was 50% NH-50% diethyl ether (v /v). dTetraphenylhydra-
zine. e2-Methyl-2-nitrosopropane. f2,4-Dimethylaniline. 
gKNH2 formation catalyzed by Pt black instead of Fe(N03)3.9H20 . 
* 
CH3 CH3 
Y CH 3 X CH3 I 
X ~ 
CH3 
I CH 3 2 
H3 
l a , X CI 
KNH2 
2a, X CI = -
lb , 
NH3 NH3 
2b, X = Br X = Br 
lc, X - I 2c, X - I 
3 
KNH2 NH3 NH3 KNH2 
CH 3 CH 3 
CH 3 H2N 
5 6 
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The data in table I was used to explain that when the 
reaction Of I or II is carried out in the presence of 2-
methyl-2-nitrosopropane or t etraphenylhyqdrazine, both of 
which are radical-trapping agents, the 6:5 pseudocumidine 
ratio as 5- and 6- halopseudocumenes is bromo compounds or 
chloro compounds. For the ratio of 6:5 chloro (or bromo) 
-pseudocumidine are considered from the aryne ratio. 
This experimental proc edure did not involve a product 
-produc ing trapping method. Therefore, one aspect of this 
work was to attempt to trap the para-nitrobenzene radical 
with oxygen so that a phEnol might be realized (equation 19). 
S h 
•• 0 X X 7 • •• 0 •• DMF 1 +:Sph-•• O·~~ 
°2 hV ~O N0 2 N02 N02 
A s econd question, and one that has not been discus s ed, 
concerns the dependency of the reaction mechanism on the 
types of groups present. That is, at what point in G-AR-X 
molecules does the mechanism switch from SRNI to the 
nucleophilic pathway. 
(IS) 
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2. Experimen tal Materials and r~& hods 
A: Pr eparation 
(I) Meta-chloronitrobenzene 
In a I-liter flask was dissolved 50 g. of pulveriz-
ed copper sulfate (CuS04.5H20) in abou t 200 mI. of hot water 
and 25 g. of sodium chloride wa s added. In a 400-ml. beaker 
a solution of 12 g . of sodium bisulfite and 8 g. of sodium 
hydroxide in 100 mI. of water was prepared and added in 
small portions to the hot solution of copper sulfate during 
the course of 2 or 3 minutes. Throughout the addition the 
flask containing the copper sulfate was swirled continuously. 
The supernatant was carefully poured off and discarded and 
the white precipitate of cuprous chloride was triturated with 
water. The cuprous chloride was dissolved in 60-80 ml. of 
concentrated hydrochloric acid and 25-30 ml. of water . The 
o 0 
solution was cooled to 0 -10 in an ice bath. 
Meta-nitroaniline , 0.150 mole (20.7 g . ), was dissolved 
in 50 mI . of water and 50 mI. of concentrated hydrochloric 
o 
acid. The solution was cooled to about 5 by setting the 
beaker in a pan of ice and by adding about 50 g . of ice to 
the s o lution . Meta-nitroaniline was diazotized by adding , 
in small portions, a solution of sodium nitrite in a little 
----------------------------------............. , 
31 
water (12 g. NaNO in 20 ml. H20) during the course of 2-3 2 
minutes. 'I'he solution was allowed to stand in the ice bath 
fo r about 10 minutes . 
With almost continuous shaking and cooling of the flask 
containing the cuprous chloride, the solution of benzenedi~ 
azonium chloride was slowly added . A voluminous precipitate 
of a double salt of cuprous chloride-benzenediazonium chlo-
ride was formed, nitrogen was lost,and the temperature rose. 
When all of the diazo solution was added , the flask was warm-
ed gently to aid in the decomposition of the double salt. 
The heat was applied slowly in order to avoid excessive foaming 
in connection with the loss of nitrogen. When the tempera-
ture has risen to approximately 50°, all of the solid was re-
placed by an oily layer of meta-nitrochloro be nzene which was 
then removed by distillation with steam . 
m-Chloronitrobenzene has a high vapor pressure at tem-
peratures near the boiling point of water and is carried over 
so rapidly tnat the collection of d istillate is about 135 mI. 
A small amount of sodium hydroxide was added to the distill-
ate to dissolve any phenol that may have been formed, the 
m-nitrochlorobenzene was then separated with ether and dried 
over a little calcium chloride . The yield is 12 . 8 g . (55%) . 
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(II) Sodium Thiophenoxide 
Sodium thiophenoxide wa s prepared by addition of 
one equivalent amount of sod:' um methoxide to d i stilled 
benzene thiol (B.P. =1650C) in a methanol solvent. The methanol 
W3 S then eva porated of f in a rotary evapor ator. 
B: Ge neral procedure 
(I) meta -Chloronitrobenzene, para-dichlorobenze ne, 
iodobenzene, and c h lorobenze ne were reacted with the sodium 
thiophenox ide. These we re reacted in a 1:3 molar ratio of 
ary l halide : sodium thiophenoxide . A stream of air was bub-
bled through the solution with 350 ml. dried DMF (acetonitrile, 
acetone) as the solvent. Irradiation times are indicated in 
table 2. 
A Hanovia type 673A-36 550 watt medium-pres sure me rcury 
arc lamp was used a s the light source. The lamp and cooling 
jacket (Pyrex) were fitted into a 550 ml. capacity reaction 
vesse l. (Ace Glass No. 6515) through a 60/50 standarded typer 
joint. The r e action vessel was equipped with three side arm 
e x i ts near the top to accommodate a thermometer, a condenser, 
and a dispersion tube for the introductio n of gases. 
Temperature of the solution was followed during irra-
diation by a Cole-Parmer model 8390-3 electronic thermometer. 
The flow of water t h rough the cooling jacket was adjusted t o 
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keep the temperature of the solution below 40 C during the 
irradiation. 
Following extraction or rotary evaporation of products 
and drying, the crude product was neutralized by 10% h ydro-
chloric acid. Column chromotography (alumina as the adsorbent , 
50 g. of alumina / per gram of sample.) was then utilized. 
Ten 50 mi. fra ctions were collected. Fractions 1-4 were ex-
tracted with pentane; 5-9 with ether; 10 wi th ethnol. Column 
e luents were then evaporated. TLC, I.R, and NMR spectra of 
the products were taken. 
(II) For meta-chloronitrobenzene 
Distilled benzenethiol, 7.2 g. (0.065 moles) , 
• (B . P . = 165 C) was a dded to an equivalent we ight of CH 30Na in 
a 250 ml. round-bottom flask . Following the initial reaction 
in which the thiophenoxide an i on is generated, 3.3 g. 
(0.021 moles) of meta-chloronitrobenzene and 350 ml. DMF were 
added. This reaction was photolyzed for a period of 30 min-
utes unde r air. A color change from brown to yel low was ob-
served during the photolytic reaction. The product was then 
extracted from DMF by use of CC14 followed by ice water. The 
extracted product was dried over MgC1 2 , the remaining CC1 4 
then being evaporated off >lith a rotary evaporator. 
An alumina-packed column containing approximate 150 g. 
was used with pentane and ether as solvents. Initially pentane 
was utilized as eluent for the first four 50 ml. samples. 
Following this, 5 more extracts were collected using ether 
and 1 more extract wa s collected usin g e t hanol. 
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The r e action was then repeated usin9 almost the same 
procedure for several different halobenzenes. Fol l owing is 
a table of data outlining these experiments. The desired 
product here is the phenol. 
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Table 2 
Photoinitiated Reactions of Halobenzene (Nitrobenzene) with Thiophenoxide in DMF (CH3CN) 
Experiment number 
1 
2 
3 
4 
5 
6 
7 
8 
weight of halobenzene 
3.3 g. (0.021 moles) 
meta-chloronitrobenzene 
3.0 g. (0.020 moles) 
para- dichlorobenzene 
2.0 m1. (3.66 g. ,0.0179 
moles) (bubble air) 
iodobenzene 
4.0 g. (0.036 moles) 
chlorobenzene 
3.5 g. (0.03l moles) 
chlorobenzene 
3.5 g. (0.024 moles) 
para-dichlorobenzene 
5.0 g. (0.034 moles) 
para-dichlorobenzene 
11.0 ml. (20 g.,0.098 
moles) (bubble 02) 
iodobenzene 
weight of benzenethiol 
7 . 2 g. (0.066 moles) 
7.0 g. (0.064 moles) 
6.1 g . (0.056 moles) 
12.2 g. (0.111 moles) 
10.6 g. (0.096 moles) 
8.24 g. (0.075 moles) 
11. 67 g. (0.106 mole s ) 
21. 78 g. (0.198 moles) 
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Experiment number 
1 
2 
3 
4 
5 
6 
7 
8 
weight 
3 .2 g . 
3.1 g. 
2.8 g. 
Table 2 
-continue-
of sodium methoxide 
(0 . 059 moles) 
(0 . 057 moles) 
(0.052 moles) 
5.65 g . (0.105 moles) 
4.9 g. (0.091 moles) 
3 . 8 g. (0 . 070 moles) 
5.51 g. ( 0.102 moles) 
10.26g. (0.190 moles) 
weight o f sodium thiophenoxide 
8.5 g. (0.063 moles) 
8 . 3 g. ( 0 . 060 moles) 
7.1 g. (0.054 moles) 
14.1 g. (0.108 moles) 
12.2 g. ( 0.093 moles) 
9.4 g . (0 . 072 moles) 
13.4 g . (0 . 102 moles) 
24 . 6 g. (0.187 moles) 
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Experiment number solvent 
1 350 ml. 
2 350 ml. 
3 350 ml. 
4 250 ml. 
100 ml. 
5 35 0 ml. 
6 350 ml. 
7 350 ml. 
8 350 ml . 
Table 2 
-continue-
period of photolysis 
dry DMF 30 minutes 
dry DMF 60 minute s 
acetonitrile 75 minutes 
acetonitrile 90 minutes 
acetone 
acetone 50 minutes 
acetonitrile 75 minutes 
distilled DMF 4 hours 
distilled DMF 90 minutes 
extraction or evapor ation 
of product 
extraction 
(CC14as solvent) 
evaporation 
evaporation 
evaporation 
evaporation 
evaporat ion 
extraction 
(benzene as s olvent) 
evaporation 
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Table 3 
Results of meta-Chloron i trobenzene runs with Sodium Thiophenoxide 
weight of unreacted meta-chloronitrobenzene weight of crude product weight % yield 
3.3 g. (0.021 moles) 
weight of ph-S-S-ph 
0.29 g. (16%, wt.) 
white co l or solid 
o 
M.P. = 54 - 57 C 
1. 83 g. 
weight of m-N02-ph-S-ph 
1.36 g. (74%, wt.) 
yellow liquid 
mole r· tio of m-N02-ph-S-ph : m-N02-ph-OH 
86 % : 14% 
55% 
weight of m-N02 -ph-OH 
0.17 g. (93%, wt.) 
light yellow solid 
o 
M.P. = 34-38 C 
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C: Infrared Spectrum Identification for meta-Nitrophenol 
An i nfrared spectrum of meta-nitrophenol was obtained 
using the Perkin-Elmer Model 710 infrared spectrophotometer 
with a 0.10 mm sodium chloride cell. The spectrum was ob-
tained in the frequency region from 4000 cm- l to 650 cm- l . 
A solution in carbon tetrachloride was used to obtain the 
spectrum. 
The following vibrationa l models are observed in these 
spectra. 
The O-H stretching fundamental is observed as a broad 
band at 3400 cm- l . A sharp band resulting from aromatic C-H 
stretch is seen at 3050 cm- l . The bands occuring at 1520 cm- l 
is due to the asymmetric (ArN02) N!!:O stretch . Symmetric 
(ArN02 ) N:::' ° stretch is seen at 1345 cm- l . C -0 stretch is 
observed at 1230 em-I. 
D: Identification of ph-S-S-ph as a product 
o (1) Melting point of ph-S-S-ph is reported to be 61-62 C, 
o 
observed 54-57 C. 
(2) ' TLC was used to compare this product with known 
ph-S-S-ph. The same Rf v alues were observed in 90% 
pentane and 10% ether. 
(3) Nuclear magnetic resonance spectrum: 
A nuclear magnetic resonance spectrum of ph-S-S-ph 
was made using the 60 megahertz Varian Model A-60A 
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Nuclear Magnetic Resonance Spectrometer. The spectrum was 
obtained at ambient temperature (25°C). 
In making this spectrum tetramethylsilane (TMS) was 
use d as a reference standard. The spectrum shows peaks at 
d = 7. 3 p. p. m. , d = 7. 4 p. p. m., and d = 7. 6 p. p. m. 
The nuclear magnetic resonance spectrum of known 
ph-S-S-ph was identical to the isolated product. 
E: Identification of meta-N02 - ph-S-ph as a product 
A nuclear ma gnetic resonance spectrum of meta-N02 -ph-S-ph 
was made. The spectrum shows peaks at cr = 6.82 p.p.m., and 
d = 6.25 p.p .m. 
An infrared spectrum was run. Asymmetric (ArN02 ) N~O 
stretch and symmetric (ArN02) N~O stretch were observed at 
1535 cm- l and 1337 cm- l . 
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Table 4 
Results o f para-Dichlorobenzene runs with Sodium Thiophenoxide 
weight of unreacted para-dichlor obenzene 
3.0 g. (0.02 moles) 
weight of ph-S-S-ph 
1.14 g. (50%, wt . ) 
white color solid 
• M.P . = 52- 56 C 
weight of Cl-ph-S-ph 
0.62 g . (27%, wt.) 
yellow liquid 
mole ratio of Cl-ph-S-ph : Cl-ph-OH 
56 % : 44% 
weight of crude produc t weight % yield 
2.3 g. 76% 
weight of Cl-ph-OH 
0.28 g. (12%, wt.) 
light brown liquid 
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F: ph-S-S-ph was identified a s before. 
G. para-Chlorophenol was iden~ified b y nuclear magnetic 
resonance spectrum . 
A nuclear magnetic resonance spectrum of para-chloro-
phenol was made using the 60 megahertz Varian Model A-60A 
Nuclear Magnetic Resonance Spectrometer. 
In making this spectr um tetramethylsilane (TMS) was 
used as a referance standard. The spectrum shows 3 peaks , 
one at d = 4.65 p.p.m., the second one at dI= 7.25 p . p.m., 
and the third one at ~= 7.85 p . p.m . From the integrator 
measurement it is seen that the peaks at 7.25 p.p.m. and at 
7 .85 p.p.m. correspond to the same protons . This spectrum 
fits well with the structure although splitting patterns 
were slightly downfield in comparison to the known spectra. 
The splitt ing patterns were essentially equal b e tweeu the 
known para-chlorophenol and detected para- chlorophenol, in-
dicating strongly the isolation of the phenol. (peaks of 
known para-chlorophenol have been observed at dI = 6.80 
p. p. m., and d = 7. 40 p. p . m. ) 
Also TLC was used to realize this product. The Rf 
values of known p - chlorophenol and the isolated product were 
the same . 
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H: Identification of Cl-ph-S-ph as a ?roduct 
A nuclear magnetic resonance o f Cl-ph-S-ph 
was made. The spectrum shows 4 peaks, one at d'= 7.45 p.p.m., 
the second one at 0-= 7.4 p.p.m., the third one at 0-= 7.28 
p.p.m., and the fourth one at dI= 7 .17 p .p.m. 
An infrared spectrum was run. C-S stretch and C-Cl 
stretch were observed in the reg i on of 700-600 cm- l and 
1090-1080 cm- l . The absorptions were weak. 
I: ph-S-S-ph was identified as before. 
J: Phenol was identified by infrared spectrum. 
An infrared spectrum of phenol was obtained using the 
Perkin-Elmer Model 710 infrared spectrophotometer with a 
0.10 mm . sod i um chloride cell. The spectrum was obtained 
in the frequency region from 4000 cm- l to 650 cm- l . 
The following vibrational modes are observed in these 
spectra. 
Intermolecular hydrogen bond of O-H stretch was observ-
ed as a broad band at 3450 cm- l . Aromatic C-H stretch was 
seen at 3100 cm- l . Overtone bands of 1600-2000 cm- l were shown. 
44 
The bands occuring at 1590 em-I, 1 490 em-I, 1445 cm- l 
are due to the c~c ring stretch. A band at 1230 cm- l arising 
from c--o stretch was seen. 
An infrared spectrum of known phenol was utilized to 
compare this detecte d phenol . 
Also TLC was used to help this identification. Again , 
Rf values of the isolated product and known phenol were i den-
tical . 
K: Identification of ph-S-ph as a product 
o 
The reported melting point of ph-S-ph is less than - 40 C. 
Index of refrac t i on (no) is reported 1.635. It was obs erved 
as a colorless liquid with no = 1.602. 
A nl1 -:: 1ear magnetic spectrum was also made . The spectrum 
pattern helps this identification . The spectr um shows peaks 
at d = 7 . 25 p.p . . , d= 7.30 p.p.m. , 0= 7 . 32 p.p.m. , 
d = 7.40 p.p.m . , $"= 7 . 45 p.p.m . , c = 7.50 p . p.m . , 
0= 7 . 55 p.p.m. , 0 = 7.60 p . p.m. , 0= 7 . 70 p.p . m. 
Infrared spectrum was run . The weak absorption of C- S 
stretch in the region of 700 - 600 cm- l was observed. 
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Table 5 
Results of Iodobe nzene runs with Sodium Thiophenoxide 
we ight o f unreacted iodobenzene weight of crude product 
2.0 mI. (3.66 g., 0.0179 moles) 1. 8 g. 
bubble air 
11.0 m1.(20 g . , 0.098 moles) 
bubble 02 
12 . 18 g. 
weight of ph-S-S-ph weight of ph-S-ph 
0.72 g . (40%, wt.) o . 98 g. (54 %, wt.) 
white color solid colorless liquid 
o 
M. P . = 54-58 C 
4.2 g. (32.8%,wt.) 7.5 g. (61.6%, wt.) 
white color solid colorless liquid 
o 
M.P . = 52-55 C 
weight of ph-OH 
0.08 g. (5%, wt.) 
light yellow liquid 
0.65 g. (5.3%, wt.) 
light yellow liquid 
weight % yield 
49% 
60.9% 
mole ratio of 
ph-S-ph : ph-OH 
85% : 15% 
85% : 15% 
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Table " 
Results of some experiments in table 2 which no phenol were observed 
Experiment number weight o f unr e acted weight of weight% yield 
halobenzene crude product 
4 4.0 g. (0 . 036 mo l e s) 1. 68 g. 42 % 
chlorobenzene 
5 3.5 g. (0.031 mules) 0.72 g. 20.6 % 
chlorobenzene 
6 3.5 g. (0.024 moles) 1.93 g. 55% 
para-dichlorobenzene 
7 5.0 g. (0.034 moles) 3.1 g. 62% 
para-dichlorobenzene 
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Experiment number 
4 
5 
6 
7 
Table 6 
-continue-
weight of ph-S-S-ph 
1. 54 g. (92 %, wt. ) 
0.39 g. (54 %, wt. ) 
1.2 g. (63% , wt. ) 
1.8 g. (58%, wt. ) 
weight of ph-S-ph or Cl-ph-S-ph 
0.05 g . (3% , wt. ) 
did not get ph-S-ph 
some other products could not be 
identified. 
0.66 g. (34% , wt.) 
1.15 g. (37% , wt. ) 
ph-S-S-ph, ph-S-ph , and Cl-ph-S-ph were all identified as before . 
................ ---------------------------------------
•• 
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3. Results and Discussion 
A phenol i s the necessary product for the nearly-con-
clusive test of a S~~I mechanism i n these r eactions. It was 
one of the prod ucts obtained from Experiments #1, #2, #3 , and 
#8 . Isolation of such a product in these reactions would al-
most certainly c a ncel the possibility of nucleophilic aromatic 
substitution and strongly indicate ~~e Sffi~I mechanism. 
It is well established that the reaction of iodobenzene 
with thiophenoxide under photolytic conditions proceeds ex-
clusively via the SRNI mechanism. The fact that only 5 % phenol 
was producted , a product known to be formed via a radical inter-
mediate, is accountable on the basis of a competition between 
oxygen and thiophenoxide for the intermediate radical . 
• ©.- ) © © ~ Kl 
K2 00 • OH ~ © > @ 
In this scheme Kl is simply greater. This may be due, in part , 
to a faster reaction between thiophenoxide and the phenyl ra-
dical, but certainly the vastly different concentrations of 
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thiophenoxide and oxygen must be very important. Low percent-
ages of oxygen scavenging were also observed by Kornblum . 15 
Reactions of 2,4-dinitroc~110robenzene with thiophenoxide 
and oxygen were run and no phenol was found. It undergoes 
nucleophilic substitu tion exclusively . 
Sph 
Cl 
0 Nl)2 ~ Sph: 
OH 
N0 2 ~ 
°2 o 
The importa nce of this experiment is twofold . One, the 
observation of pheno l is the first non- kinetic support of 
radical trapping in the SRNI r eactions. 1'>10, the experimen t 
also provi des a standard for the amount of pheno l produced 
by a r eaction known to proceed exc l usively by this radical 
anion rou te , and thus is a yardstick by wh i ch o t her r eactions , 
in which several mechani sms might be ')perati ve , may be eval u a t ed 
for the i r S I components. 
R" 
It is noted that the y i e l d of the pheno l from t he r eac-
tion of m-nitrophenol i s greater than that from iodobenzene . 
This is poss i ble if it is considered that the affinity of thio-
phenoxide and oxygen for the m- ni t rophenyl radical may differ 
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from those extant for the phenyl radical. 
It has been observed by R. Browing, F. Muir, and their 
associares that 1% p-nitrophenol is formed when p-nitro-
chlorobenzene is treated with thiophenoxide in DMF in an oxy-
gen atmosphere. This reaction does not require light. sub-
stitution of p-nitrohalobenzenes with a variety of nucleo-
philes is considered to proceed by nucleophilic aromatic sub-
stitution. The appearance of the phenol suggests that while 
the main reaction is nucleophilic ther e is a lso a competing, 
minor radical anion process . 
It is known that in the case of S 1 and S 2 displacement 
n n 
reactions, the reactivity of the alkyl halides follows the 
sequence : I ) Br ) Cl ) F. With nucleophilic aromatic sub-
stitution, however, there is very little difference in tne 
reactivity of the halides, i.e. the reactivity is independent 
of the strength of the carbon-halogen bond . The aryl fluorides 
are known to react at a faster rate than the other halides. 
It appears possible , therefore, that the stronger inductive 
e ffects of the more e lectronegative halides (Cl vs Br) could 
have also been vital in the reactivit~es of the respective 
compounds. Because no phenol was observed from the reaction 
of chlorobenzene with thiophenoxide and oxygen, there might 
be some difference in the reactivity of the halides for SRNI 
~IECHAN ISH. 
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UMF was considered to be a good solvent, because it has 
enough polarity to dissolve sodium thiophenoxide. The boiling 
• point of DNF is very high (153 C) so some products might be 
evaporated off with the DMF during evaporation of the solvent. 
o Acetonitr~le has lower boiling point (80 C) and has enough 
polarity so it was used as a solvent too. Acetone is evaporat-
ed very easily during photolysis but it is n ot a suitable 
solvent here because sodium thiophenox i de is not very soluble in 
it. 
Extraction of the crude products is a way to avoid los-
ing some important products by evaporation. Complete extrac-
tion was not obtained however. 
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